Synthesis of 5-methoxy-2-(1-phenylvinyl)phenol
Bromobenzene (24.6 mmol) was added dropwise to magnesium turning (590 mg, 24.6 mmol) in THF (20 ml) and a gentle reflux was kept. The solution was further stirred for 30 min. Then 2-hydroxyacetophenone (12 mmol) was added to the resulting solution at 0 º C.
The reaction mixture was warmed to room temperature and stirred overnight. At the end of the reaction, 15 ml acetic acid was added and the reaction mixture was extracted with ethyl acetate three times. The combined organic layer was washed with sat. NaCl aq. and dried over Na2SO4. The organic solvent was removed under reduced pressure to afford a crude product, which was washed with hexanes to afford 5-methoxy-2-(1-phenylvinyl)phenol in 89% yield.
[4+2] Catalytic reaction conditions
For a general catalytic reaction, 1 mol% of the Al-MIL-53-ArSO3H was added to 1.00 mL solvent, which was in an oven dried round bottom reaction vessel. To the reaction vessel was added 1.0 mmol of 5-methoxy-2-(1-phenylvinyl)phenol. The solution was stirred at 40 º C for 3 h. The reaction mixture was passed through a silica gel plug and eluted with 5 mL of dichloromethane. Then, the filtrate was concentrated under reduced pressure and the residue was purified by flash chromatography over silica gel to afford the dimeric product 2b. The yield was calculated based on the isolated product.
7-methoxy-2,4-bis(4-methoxyphenyl)-4-methyl-4H-chromene
The crude mixture was purified by flash column chromatography with elution by 20:1 
7-methoxy-4-methyl-2,4-diphenyl-4H-chromene
The crude mixture was purified by flash column chromatography with elution by 20:1-15:1, Hexanes : EtOAc. Yield: 91%, 1H NMR (500 MHz, CDCl3): δ 7.77 (m, 2H), 7.46-7.33 (m, 7H), 6.22 (m, 1H), 6.92 (d, J = 8.3 Hz, 1H), 6.73 (d, J = 2.0 Hz ,1H), 6.61 (dd, J = 8.3, 2.0, 1H), 5.51 (s, 1H), 3.84 (s, 3H), 1.91 (s, 3H); 13C NMR (100 MHz, CDCl3): 158.9, 151.1, 150.2, 146.0, 134.3, 129.4, 128.5,128.4 (2C), 128.3 (2C), 127.4 (2C), 126.1, 124.8 (2C), 121.0, 110.8, 107.5, 107.46, 101.0, 55.5, 39.4, 30.6; IR (thin film, cm-1): 2932 IR (thin film, cm-1): , 1713 IR (thin film, cm-1): , 1668 IR (thin film, cm-1): , 1622 IR (thin film, cm-1): , 1503 IR (thin film, cm-1): , 1443 IR (thin film, cm-1): , 1325 IR (thin film, cm-1): , 1163 IR (thin film, cm-1): , 1027 ; HRMS (ESI+): (m/z) (M+H+) calculated for C23H21O2 329.1542, found 329.1550.
7-methoxy-4-methyl-2,4-di-p-tolyl-4H-chromene
7-methoxy-2,4-bis(3-methoxyphenyl)-4-methyl-4H-chromene
The crude mixture was purified by flash column chromatography with elution by 10:1-8:1, Hexanes : EtOAc. Yield: 86%, 1H NMR (500 MHz, CDCl3): δ 7.31-7.22 (m, 4H), 7.00 (d, J = 7.8 Hz ,1H), 6.91-6.88 (m, 2H), 6.73 (dd, J = 8.2, 1.8 Hz, 1H), 6.67 (d, J = 2.5 Hz ,1H), 6.57 (dd, J = 8.6 ,2.6 Hz ,1H ), 5.46 (s, 1H), 3.86 (s, 3H), 3.81 (s, 3H), 3.77 (s, 3H), 1.84 (s, 3H); 13C NMR (100 MHz, CDCl3): 159.8, 159.6, 158.9, 151.9, 151.0, 145.9, 135.7, 129.5, 129.3, 129.2, 120.8, 120.1, 117.3, 114.1, 110.8, 110.7, 110.5, 107.61, 107.58, 101.0, 55.50, 55.48, 55.3, 39.5, 30.6; IR (thin film, cm-1): 2975 IR (thin film, cm-1): , 1715 IR (thin film, cm-1): , 1670 IR (thin film, cm-1): , 1515 IR (thin film, cm-1): , 1241 IR (thin film, cm-1): , 1163 IR (thin film, cm-1): , 1033 ; HRMS (ESI+): (m/z) (M+H+) calculated for C25H25O4 389.1753, found 389.1752.
2,4-bis(benzo[d][1,3]dioxol-5-yl)-7-methoxy-4-methyl-4H-chromene
The 158.9, 150.9, 147.9, 147.7, 145.8, 144.8, 129.2, 128.6, 121.0, 119.9, 118.8, 110.8, 108.8, 108.2, 107.7, 106.5, 106.4, 105.6, 105.1, 101.4, 101.1, 101.0, 55.5, 39.2, 30.9; IR (thin film, cm-1): 2978 IR (thin film, cm-1): , 1714 IR (thin film, cm-1): , 1670 IR (thin film, cm-1): , 1621 IR (thin film, cm-1): , 1503 IR (thin film, cm-1): , 1485 IR (thin film, cm-1): , 1301 IR (thin film, cm-1): , 1166 IR (thin film, cm-1): , 1036 
2,4-bis(4-fluorophenyl)-7-methoxy-4-methyl-4H-chromene
The crude mixture was purified by flash column chromatography with elution by 10:1-8:1, Hexanes : EtOAc. Yield: 71%, 1H NMR (500 MHz, CDCl3): δ 7.68 (m, 2H), 7.33 (m, 2H), 7.07 (m, 2H), 6.98 (m, 2H), 6.84 (d, J = 8.6 Hz ,1H), 6.65 (d, J = 2.5 Hz ,1H ), 6.57 (dd, J = 8.6, 2.5, 1H), 5.34 (s, 1H), 3.81 (s, 3H), 1.83 (s, 3H); 13C NMR (125 MHz, CDCl3): 163.1 (d, 1JC-F=226.3 Hz), 161.2 (d, 1JC-F= 223.0 Hz), 159.0, 150.9, 146.0 (d, 4JC-F= 3.3 Hz), 145.4, 130.4 (d, 4JC-F= 3.3 Hz), 129.3, 129.0 (d, 3JC-F= 7.8 Hz, 2C), 126.6 (d, 3JC-F= 7.8 Hz, 2C), 120.7, 115.4 (d, 2JC-F= 25 Hz, 2C), 115.0 (d, 2JC-F= 25 Hz, 2C), 111.0, 107.0, 101.1, 55.6, 39.0, 30.9 ; IR (thin film, cm-1): 2925 IR (thin film, cm-1): , 1716 IR (thin film, cm-1): , 1670 IR (thin film, cm-1): , 1622 IR (thin film, cm-1): , 1505 IR (thin film, cm-1): , 1163 IR (thin film, cm-1): , 1040 HRMS (ESI+) : (m/z) (M+H+) calculated for C23H19O2F2 365.1353, found 365.1333.
7-methoxy-4-methyl-2,4-di(naphthalen-2-yl)-4H-chromene
The crude mixture was purified by flash column chromatography with elution by 10:1 151.2, 147.3, 146.3, 133.40, 133.35, 133.2, 132.0, 131.4, 129.6, 128.6 (2C), 128.3, 128.14, 128.08, 127.7, 127.6 (2C), 126.5, 126.4, 126.2, 125.9, 124.0, 123.9, 122.6, 110.9, 107.9, 101.1, 55.6, 39.8, 30.7 ; IR (thin film, cm 13 C NMR (100 MHz, CDCl3): 160.2, 159.2, 158.7, 157.5, 155.7, 152.7, 142.3, 135.90, 135.85, 130.4, 128.3, 127.9, 127.3, 122.1, 120.5, 113.6, 113.2, 112.9, 109.3, 105.2, 105.0, 102.7, 101.5, 101.4, 83.8, 55.4, 55.22. 55.20, 55.1, 49.4, 39.4, 31 
